Final  Report 


New  Meta  and  Nanomaterials  for 
Photorefractive  Enhancement  and 
Photorefractive  Two-Beam  Coupling 

Ronald  Ziolo  (PI) 


Centro  de  Investigacion  de  Quimica  Aplicada 
Blvd.  Enrique  reyna,  No.  140 
Saltillo,  Coahuila,  Mexico  25253 


AFOSR  FA9550-09-1  -0023 
12  March  2010 


REPORT  DOCUMENTATION  PAGE 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing 
this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202- 
4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently 
valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 

1 .  REPORT  DATE  (DD-MM-YYYY)  2.  REPORT  TYPE 

12-03-2010  Final 

3.  DATES  COVERED  (From  -  To) 

15-Dec-08  TO  14-Dec-09 

4.  TITLE  AND  SUBTITLE 

"New  Meta  and  Nanomaterials  for  Photorefractive  Enhancement  and  Photorefractive 
Two  Beam  Coupling” 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

FA9550-09-1-0023 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

Ronald  F.  Ziolo 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

CENTRO  DE  INVESTIGACION  EN 

QUIMICA  APLICADA 

BLVD  ENRIQUE  REYNA  NO  140 

SALTILLO  25253  MEXICO 

8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 

9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

USAF ,  AFRL  DUNS  143574726 

875  N.  RANDOLPH  ST.  ROOM  3112 

ARLINGTON  VA  22203 

EMILY  M.  REINHART  703  696-7296 

emily . re inhart @af osr . af .mil 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

AFRL-SR-AR-TR-10-0135 

12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Distribution  A:  Approved  for  Public  Release 

13.  SUPPLEMENTARY  NOTES 

This  Grant  has  an  Extension,  which  had  to  be  submitted  as  a  new  grant. 

14.  ABSTRACT 

This  grant  has  resulted  in  a  highly  collaborative  effort  between  CIQA,  AFOSR  and  several  other  institutions  and 
involved  experimental  and  theoretical  work  on  the  synthesis  and  characterization  of  ferroelectric  nanoscale  particles 
and  their  interactions  with  liquid  crystal  systems  of  interest  to  AFSOSR  to  form  hybrid  systems  for  photorefractive 
enhancement  and  photorefractive  two-beam  coupling  in  hybrid  devices.  Six  international  presentations  resulted  (4 
invited,  1  contributed  and  one  poster)  along  with  two  submitted  papers  (Optics  Express  (accepted)  and  Nano 

Letters).  A  U.S.  provisional  patent  was  filed  “Stress  Induced  Phase  Changes  in  Ferroic  and  Non-Ferroic  Materials,” 
Docket  no.  AFD  1053.  The  collaborative  studies  unequivocally  demonstrated  for  the  first  time  that  crystalline 
ferroic  materials  such  as  barium  titanate  can  exhibit  ferroelectric  properties  in  particles  of  10  and  less  nanometers  in 
size.  State  of  the  art  high  resolution  transmission  electron  microscopy  strain  measurements  of  ball  milled  vs 
chemically  precipitated  nanoscale  barium  titanate  suggest  mechanical  milling  as  the  source  of  the  strain  and 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION 

OF  ABSTRACT 

18.  NUMBER 
OF  PAGES 

19a.  NAME  OF  RESPONSIBLE  PERSON 

Ronald  F.  Ziolo 

a.  REPORT 

b.  ABSTRACT 

c.  THIS  PAGE 

19b.  TELEPHONE  NUMBER  (include  area 
code) 

+52-844-438-9830,  extl392 

Standard  Form  298  (Rev.  8-98) 


Prescribed  by  ANSI  Std.  Z39.18 


New  Meta  and  Nanomaterials  for  Photorefractive  Enhancement 
and  Photorefractive  Two-Beam  Coupling 


Ronald  F.  Ziolo 

Centro  de  Investigacion  de  Quimica  Aplicada 
Saltillo,  Coahuila,  Mexico  25253 


Grant  Objectives:  no  changes. 

Status  of  Effort,  Summary,  Accomplishments:  This  grant  has  resulted  in  a  highly 
collaborative  effort  between  CIQA,  AFOSR  and  several  other  institutions  and  involved 
experimental  and  theoretical  work  on  the  synthesis  and  characterization  of  ferroelectric  nanoscale 
particles  and  their  interactions  with  liquid  crystal  systems  of  interest  to  AFSOSR  to  form  hybrid 
systems  for  photorefractive  enhancement  and  photorefractive  two-beam  coupling  in  hybrid 
devices.  Six  international  presentations  resulted  (4  invited,  1  contributed  and  one  poster)  along 
with  two  submitted  papers  (Optics  Express  (accepted)  and  Nano  Letters).  A  U.S.  provisional 
patent  was  filed  “Stress  Induced  Phase  Changes  in  Ferroic  and  Non-Ferroic  Materials,”  Docket 
no.  AFD  1053.  The  collaborative  studies  unequivocally  demonstrated  for  the  first  time  that 
crystalline  ferroic  materials  such  as  barium  titanate  can  exhibit  ferroelectric  properties  in  particles 
of  10  and  less  nanometers  in  size.  State  of  the  art  high  resolution  transmission  electron 
microscopy  strain  measurements  of  ball  milled  vs  chemically  precipitated  nanoscale  barium 
titanate  suggest  mechanical  milling  as  the  source  of  the  strain  and  subsequent  ferroelectric 
behavior. 

Continued  research  under  this  grant  is  ongoing  under  an  extension  to  the  grant,  which  had 
to  be  submitted  as  a  separate  and  new  grant. 


Publications:  two  publications  have  resulted  for  the  highly  interactive  and  multi-institutional 
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studies.  These  are: 


Asymmetric  Freedericksz  Transitions  from  Symmetric  Liquid  Crystal  Cells  Doped  with  Harvested 
Ferroelectric  Nanoparticles,  G.  Cook  ’  ,  V.  Yu.  Reshetnyak  ,  R.  F.  Ziolo  ,  S.  A.  Basun  ’  ,  P.  P. 
Banerjee5,  D.  R.  Evans1  1 A ir  Force  Research  Laboratory,  Materials  and  Manufacturing 
Directorate,  Wright-Patterson  Air  Force  Base,  Ohio2  Universal  Technology  Corporation,  1270 
North  Fairfield  Road,  Dayton,  Ohio, National  Taras  Shevchenko  University  of  Kyiv,  Kyiv, 
Ukraine,4 Centro  de  Investigacion  en  Qumiica  Aplicada,  Saltillo,  Coahuila,  Mexico,5 University  of 
Dayton,  Dayton,  Ohio.  (Accepted,  Optics  Express). 

Harvesting  Single  Ferroelectric  Domain  Stressed  Nanoparticles  for  Optical  and  Ferroic 
Applications,  G.  Cook1'2,  J.  L.  Barnes1'3,  R.  F.  Ziolo4,  A.  Ponce4,  V.  Yu.  Reshetnyak5,  A. 
Glushchenko6,  S.  A.  Basun1’7,  P.  P.  Banerjee8,  D.  R.  Evans1.  !Air  Force  Research  Laboratory, 
Materials  and  Manufacturing  Directorate,  Wright-Patterson  Air  Force  Base,  Ohio,  2Azimuth 
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Corporation,  4134  Linden  Avenue,  Suite  300,  Dayton,  Ohio,  USA,  General  Dynamics,  Dayton, 
Ohio,  USA,  4Centro  de  Investigacion  en  Quimica  Aplicada,  Saltillo,  Coahuila,  Mexico,  5National 
Taras  Shevchenko  University  of  Kyiv,  Kyiv,  Ukraine,  6University  of  Colorado  at  Colorado 
Springs,  Colorado,  USA, ’Universal  Technology  Corporation,  1270  North  Fairfield  Road,  Dayton, 
Ohio,  USA,8University  of  Dayton,  Dayton,  Ohio,  USA.  (Submitted,  Nano  Letters). 


Interactions: 

Participation  / presentations  at  meetings,  conferences,  seminars,  etc.  - 

“Harvesting  of  single  ferroelectric  domain  nanoparticles  and 
their  use  in  hybrid  photorefractives”,  G.  Cook,  J.  L.  Bames,  V. 

Yu.  Reshetnyak,  A.  V.,  Glushchenko,  R.  Ziolo,  S.  A.  Basun,  P. 

P.  Banerjee,  D.  R.  Evans,  OLC,  Erice,  Italy,  September  2009 
(Invited). 

"Enhanced  Beam  Combination  Using  Harvested  Ferroelectric  Nanoparticles  in  Liquid  Crystal 
Hybrid  Devices",  G.  Cook,  V.  Yu.  Reshetnyak,  A.  Ponce,  R.  Ziolo,  S.  A.  Basun,  and  D.  R. 

Evans,  SPIE  2010.  (Contributed) 

“The  Benefits  of  Single  Domain  Ferroelectric  Nanoparticles  in  Disparate  Optical  Devices” 

D.  R.  Evans,  G.  Cook,  S.  A.  Basun,  V.  Yu.  Reshetnyak,  A.  Ponce,  and  R.  Ziolo,  IV  Workshop  on 
Photonic  and  Electronic  Materials,  San  Sebastian,  Spain,  July  5-7,  2010.  (Invited) 

"Enhanced  Optical  Gain  in  Photorefractive  Liquid  Crystal  Hybrids  Using  Ferroelectric 
Nanoparticles.  D.  R.  Evans  [1],  G.  Cook  S.  A.  Basun  ,  V.  Yu.  Reshetnyak,  A.  Ponce,  and  R. 
Ziolo,  Alicante,  Elche,  Spain,  2010.  (Invited) 

“Harvesting  Single  Ferroelectric  Domain  Nanoparticles  for  Liquid  Crystal  Systems”,  G.  Cook,  V. 
Reshetnyak,  A.  Ponce,  R.  Ziolo,  J.  Bames,  A.  V.  Glushchenko,  S.  A.  Basun,  D.  R.  Evans.  ILLC. 
(Invited) 
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“Improved  Holographic  Beam  Coupling  Through  Selective  Harvesting  of  Single  Domain 
Ferroelectric  Nanoparticles  ,”  G.  Cook,  V.  Yu.  Reshetnyak,  A.  Ponce,  R.  F.  Ziolo,  S.  A.  Basun, 

D.  R.  Evans.  (Contributed) 

Personnel  Supported:  Dr.  Ronald  Ziolo,  Dr.  Dario  Bueno  Baques,  Dr.  Arturo  Ponce,  Dr. 
Veronica  Corral  Flores,  Mr.  Gilberto  Hurtado  and  Mr.  Gerardo  Tadeo. 

New  Discoveries:  “Stress  Induced  Phase  Changes  in  Ferroic  and  Non-Ferroic  Materials,” 
Dean  R.  Evans,  Gary  Cook,  Victor  Yu  Reshetnyak,  Anatoliy  Gluschenko,  and  Ronald  F.  Ziolo, 
US  Provisional  Patent  Application,  Filed  April.  2009.  New  invention  disclosure;  Docket  no.  AFD 
105. 
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